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SECTION  I 
INTRODUCTION 


An  investigation  was  conducted  on  Taxiway  2 at  the  Albuquerque  interna- 
tional Airport,  Kirtland  Air  Force  Base,  to  study  the  influence  of  various 
water  depths  on  the  traction  characteristics  of  an  asphalt  concrete  pavement. 
The  artificially  simulated  wet  conditions  consisted  of  applying  0.05,  0.10, 
0.20  and  0.3G  in.  of  water  to  the  pavement.  The  primary  objectives  of  this 
investigation  were  as  follows: 

(1)  to  determine  a relationship  between  coefficient  of 

friction  measured  v/ith  the  Mu-Meter,  j;  , and  time 

m 

after  wetting  for  various  amounts  of  applied  v-zater, 

{2)  to  determine  a relationship  between  stopping  distance 
ratio  (SOR),  measured  with  the  diagonally  braked 
vehicle  (B8V),  and  timv’  after  wetting  for  various 
amounts  of  applied  water, 

(3)  to  investigate  the  existence  of  a correlation  between 
the  SDR  associated  with  the  DBV  and  average  coeffi  . • ‘ 
of  friction  measured  by  the  Mu-Meter,  and 

(4)  to  investigate  the  possibilities  of  improving  the  AFWL 
standard  skid  resistance  test  procedure. 

The  field  testing  program  was  conducted  with  the  cooperation  of  the  Air 
Force  Weapons  Laboratory,  Kirtland  Base  Operations,  and  the  Kirtland  Air  Force 
Base  Fire  Department.  Taxiway  2 was  selected  because  of  its  length  and  the 
limited  traffic  or  this  portion  of  the  airfield. 


SECTION  II 
TEST  AREA 


Figure  1 shows  the  overall  dimensions  of  the  test  area,  including  the 
DEV  test  strip  csnd  the  location  of  the  water-depth  measurement  stations.  This 
test  area  v/as  located  in  the  center  portion  of  the  taxiv/ay  so  that  approxi- 
! ately  1,200  ft  of  the  taxiway  would  be  available  east  and  west  of  the  test 
area  for  acceleration  and  deceleration  of  the  test  vehicles.  The  test  area, 
which  was  constructed  of  asphalt  concrete,  had  a one-way  cross  slope.  The 
cross-slope  measurements  obtained  along  the  longitudinal  axis  at  100-ft 
intervals  from  the  east  (26)  end  of  the  test  area  are  given  in  table  I.  These 
measurements  were  obtained  with  a cross-slope  measuring  device*  developed  for 
rapid  and  accurate  cross-slope  measurement  of  runway  surfaces. 


ir 

The  cross-slope  measuring  device  was  developed  by  Mr.  E.  R.  Hargett  at  the 
Eric  H.  Wang  Civil  Engineering  Research  Facility. 
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Table  I 


AVERAGE  CROSS  SLOPES  OF  TEST  AREA 


1 

Distance  from 
East  End  of  Test  Area, 
ft 

Slope, 

% 

0 

0.6 

100 

1.1 

200 

1.6 

300 

1.0 

400 

0.7 

500 

0.8 

600 

1.1 

700 

1.5 

800 

1.3 

900 

1.3 

1000 

1.8 

noo 

1.8 

1200 

1.8 

1300 

1.8 

1400 

1.0 

1500 

1.8 

1600 

1.8 

1700 

1.8 

1800 

1.0 

1900 

0.7 

2000 

1.8 

Note:  Measurements  were  taken  across  a 
lO-ft  span  at  the  centerline  of 
the  taxi way. 
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SECTION  III 
TEST  EQUIPMENT 


I 

f 


[ 


The  equipment  for  field  testing  consisted  of  a water  truck  for  surface  i 

watering,  a Mu-Heter  and  a towing  vehicle,  a DBV,  a cross-slope  measuring  de- 
vice, and  several  NASA  water-film  depth  gages. 

1 . WATER  TRUCK 

A 50,000-gal.  F-6  foam  truck  was  used  to  wet  the  surface  of  the  test  ] 

area.  The  truck  was  equipped  with  an  8-ft  spray  bar,  and  a tachometer  for  ] 

speed  control.  At  a pump  pressure  of  100  psi,  water  was  discharged  at  a rate  | 

of  3.05  gal ./sec.  The  truck  was  calibrated  to  discharge  1,000  gal.  of  water 
over  the  8-  x 2,000-ft  test  area  (0.10-1n.  water  depth)  when  operated  in  second  ] 

gear  at  1,525  rpm  (1,000  gal.  in  5 min  28  sec).  Application  rates  for  the  var-  | 

ious  water  depths  used  In  this  investigation  are  given  in  table  II.  j 

i 

1 
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Table  II 

WATER  TRUCK  CALIBRATION  DATA 


Water  Depth, 
in. 

Total  Amount  of  Water 
Applied  to  8-  x 2000-ft  Test  Area, 
gal. 

Discharge  Time, 
mi  msec 

0.025 

250 

1:22 

0.050 

500 

2:44 

0.100 

1000 

5:28 

0.150 

1500 

8:12 

0.200 

2000 

10:56 

0.300 


3000 


16:24 


2.  HU-METER 

The  Ku-Meter  (fig.  2)  is  a small  friction-measuring  trailer  manufactured  by 
M.  L.  Aviation,  Maidenhead,  Berks,  England.  This  trailer,  which  Is  towed  by  a 
standard  pickup  truck,  continuously  measures  the  coefficient  of  friction  of  the 
pavement  surface  over  which  it  is  towed.  The  friction-sensing  mechanism  in  the 
trailer  consists  of  two  rolling  wheels  inclined  at  7.5®  from  the  longitudinal 
a.xis  of  the  trailer.  The  principal  components  of  the  Mu-M.;ter  are  shown  in 
figure  3.  The  Mu-Meter  physically  measures  the  side-slip  force  oetween  the  tires 
and  the  pavement  surface;  this  force  is  registered  on  a load-sensing  cell  located 
between  the  two  hinged  arms  of  the  trailer  frame.  When  the  side-slip  force  is 
divided  at  the  normal  load  acting  on  the  wheels  of  the  Hu-Heter  a continuous 
record  of  the  coefficient  of  friction  of  the  pavement  surface  is  registered  by 
a continuous-recording  device-  The  trailer  is  also  equipped  with  instrumentation 
that  integrates  the  coefficient  of  friction  versus  distance.  Thus,  an  average 
coefficient  of  friction  between  any  two  given  points  of  the  pavement  surface  may 
be  obtained.  The  Mu-Meter  is  normally  operated  with  10-psi  tire  pressure  at  a 
constant  speed  of  40  mph.  (This  is  above  the  theoretical  hydroplaning  speed  of 
the  test  vehicle  on  wet  pavement.) 

3.  DIAGONALLY  BRAKED  VEHICLE 

The  DBV  is  a specially  designed  and  instrumented  vehicle  developed  to 
evaluate  the  traction  characteristics  of  runway  surfaces.  The  DBV  concept 
was  developed  by  NASA  in  conjunction  with  the  Combat  Traction  Program.  The 
test  vehicle  used  in  this  investigation  (fig.  4)  consisted  of  a conventional 
station  wagon  equipped  with  a modified  braking  system  and  special  equipment 
to  measure  stopping  distance,  velocity,  deceleration,  and  brake  pressure.  The 
braking  system  was  modified  so  that  two  diagonally  opposite  wheels  are  simul- 
taneously braked,  while  the  other  two  wheels  are  left  free  rolling  for  direc- 
tional control.  A fifth  wheel  (a  26-  x 2.125-in.  bicycle  rim  and  tire)  is 
used  to  measure  stopping  distance  and  velocity.  Under  a diagonally  braked 
configuration,  the  distance  required  to  stop  the  vehicle  from  an  initial  ve- 
locity of  60  mph  is  measured  by  this  fifth  wheel.  The  data  are  recorded  on  a 
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Figure  2.  Mu-Meter 

I • 

1 

four-channel  analog  strip  recorder  equipped  with  a heated  stylus.  A four- 
channel  calibration  and  gage  conditioning  panel  programs  the  data  on  the  strip 
recorder.  Two  deceleration-versus-di stance  and  one  brake  pressure-versus- 
di stance  traces  are  recorded;  the  fourth  channel  was  not  utilized.  A pulse 
generator  driven  by  the  axle  of  the  fifth  wheel  furnishes  pulsa  inputs  for 

: initial  velocity  (at  the  instant  of  brake  application)  and  stopping  distance 

measurements.  Beth  initial  velocity  and  stopping  distance  are  displayed  on  a 
digital  readout. 

4.  CROSS-SLOPE  MEASURING  DEVICE 

The  cross-slope  measuring  device  (fig.  5)  is  made  of  a rectangular  bar  of 
aluminum,  5/8  x 2-1/2  in.  in  cross  section  and  10  ft  long.  Five  machinist's 
levels  are  attached  to  the  bar  to  define  slopes  of  0.0,  0.5,  1.0,  1.5,  and  2.0 
percent.  This  CERF  device  was  designed  and  built  to  rapidly  measure  the  cross 
slopes  of  runway  surfaces.  These  data  are  primarily  used  to  evaluate  the 
drainage  characteristics  of  the  pavement  surface.  In  this  investigation,  the 

' device  was  used  to  measure  transverse  gradients  at  100-ft  intervals  along  the 

test  area. 
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5.  HATER-FILH  DEPTH  GAGE 


IThe  water-film  depth  gage  used  In  this  study  (fig.  6)  was  developed  by 

fiASA  to  rapidly  nnsasure  water-film  depth  on  highway  and  airfield  pavement  sur- 
faces. This  water-film  depth  gage  consists  of  a plastic  disc  5 In.  in  dian- 
^ eter  supported  by  three  metal  prongs  15/16  in.  long.  Plexiglas  rods  of  dif- 

r ferent  lengths  are  attached  to  the  bottom  side  of  the  circular  plastic  disc. 

These  rods  are. adjusted  so  that  their  tips  are  located  between  0.01  and  0.10 
in.  above  the  plane  defined  by  the  tips  of  the  metal  prongs.  The  upper  tips 
of  the  Plexiglas  rods  are  marked  to  indicate  the  actual  gap  between  the  plane 
passing  through  the  tips  of  the  prongs  and  the  bottom  of  each  individual  rod. 
Since  water  is  a light-reflecting  substance,  it  reflects  more  light  than  the 
runway  surface  and,  consequently,  the  tips  of  the  rods  that  are  not  in  contact 
with  the  water  appear  lighter  than  those  that  are  touching  or  submerged  in  the 
water.  From  the  reds  that  appear  dark,  the  one  that  has  the  highest  reading 
on  the  scale  determines  the  water-film  depth  at  that  particular  location.  For 
instance,  in  figure  6 the  water  depth  is  approximately  0.06  in. 


SECTIO?!  IV 
TEST  PROCEDURES 


The  test  program  consisted  of  Mu-Meter  tneasurenients  of  paverrant  friction 
and  BBV  stopping  distance  measurements  under  both  dry  conditions  and  four  se- 
lected water  depths  each  applied  in  both  one  and  two  passes.  The  time  of  each 
test  operation  was  recorded  so  as  to  establish  time  intervals  after  wetting. 
Water-depth  fseasurements  w&re  obtained  with  the  flASA  water-film  depth  gage  at 
three  locations  within  the  test  area  in  order  to  study  the  dissipation  of  water 
from  the  pavement  surface  with  respect  to  time  after  wetting.  The  basic  test 
operations  were  as  follows: 

(1)  Water  was  applied  from  the  water  truck  to  the  test  area 
at  the  rates  required  to  yield  water  depths  of  0.05, 

0.10,  0.20,  and  0.30  in.  on  the  test  surface.  (See 
table  II.)  These  four  water  volumes  were  applied  in 
both  one  and  two  passes.  One  half  of  the  total  amount 
of  water  required  was  applied  on  each  pass  for  the  two- 
pass  application.  This  constituted  eight  test  variables 
in  pavement  wetness  (i.e.,  eight  test  conditions). 

(2)  Mu-Meter  measurements  of  pavement  friction  and  DBV 
stopping-distance  measurements  were  made  for  each  of 
the  eight  test  conditions  of  pavement  wetness. 

(3)  Water-depth  measurements  were  made  immediately  after 
each  vehicle  passed  through  each  water-measure.iient 
station. 

(4)  A series  of  Mu-Meter  readings  and  DBV  stopping- 
distance  measurements  for  a dry  pavement  condition 
were  made.  These  measurements  were  necessary  in 
order  to  evaluate  the  recovery  rate  of  the  coefficient 
of  friction  and  to  compute  SDRs  for  the  various  condi- 
tions of  pavement  wetness. 
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SECTION  V 
FIELD  TEST  DATA 


The  data  obtained  from  testing  the  pavement  surface  under  the  eight  dif- 
ferent conditions  of  pavement  wetness  are  given  in  appendix  I.  These  data 
consist  of  coefficients  of  friction  and  SDRs  for  various  time  intervals  after 
wetting  for  each  test.  Appendix  I also  furnishes  average  coefficients  of 
friction  for  the  entire  2000-ft  test  area  as  well  as  average  coefficients  of 
friction  for  that  portion  of  t«ie  test  area  within  which  SDR  measurements  were 
rade  using  the  DC7.  The  elansed  time  data  for  both  the  DBV  and  Hu-Keter  tests 
are  the  a/erage  time  readings  when  either  the  DBV  was  midway  into  the  DBV  test 
strip  or  the  Nu-fleter  was  midway  into  the  2000-ft-long  test  area.  The  elapsed 
time  when  the  Ku-Meter  v;as  traversing  the  BBV  portion  of  the  test  area  was  not 
recorded.  However,  these  times  can  be  calculated  since  the  Mu-Meter  main- 
tained a constant  speed  of  40  nr.ph. 

rt'ater-depth  measurements  were  taken  at  stations  1,  2,  and  3;  hov/ever,  de- 
pendable time  records  v/ere  obtained  at  station  1 only.  Consequently,  appendix 
II  contains  only  the  water-depth  data  for  station  1. 

Coefficients  of  friction  and  DBV  stopping  distances  for  a dry  condition 
of  the  pavement  surface  were  periodically  measured  throughout  the  test  program. 
As  shown  in  table  III,  14  Mu-Meter  dry  runs  were  conducted  on  the  entire  test 
area;  however,  in  only  10  of  these  records  of  the  average  dry  coefficients 


Table  III 

SUMMARY  OF  DRY-RUN  DATA 


Number  of  Runs 

Coefficient 

of  Friction 

Average 

Stopping  Distance, 
ft 

Entire  Test  Area 

DBV  Test  . 

.-rip 

r 

Min. 

Avg. 

Max. 

Min. 

Avg. 

Max. 

14 

0.79 

0.81 

0.83 

— 

H 

B 

-- 

10 

— 

— 

— 

0.78 

0.80 

0.82 

— 

4 

— 

— 

-- 

— 

— 

— 

336 

12 


of  friction  within  the  OBV  portion  of  the  test  area  were  obtained,  four  dr/ 
runs  were  conducted  with  the  DBV  to  obtain  the  dry  stopping  distance.  Tnese 
data  indicate  that  the  DBV  test  strip  did  not  possess  as  good  traction  charac 
teristics  as  did  the  ove*'all  23u0-ft  test  area.  The  average  dry  copping  d>i 
tance  of  336  ft  (variations  from  the  average  were  insignificant)  ./as  utilized 
in  all  the  SDR  calculations  in  appendix  I. 


SECTIOtl  Vi 
DATA  ANALYSIS 


Tne  data  collected  during  this  investigation  were  analyzed  to  determine  the 
following: 

1.  The  influence  of  various  v/ater  application  rates  on  the  skid  resistance 
properties  as  n-<easured  by  the  Mu-Meter  and  DBV. 

2.  The  influence  of  v/ater  depth  on  the  coefficient  of  friction  and  stopping 
distance  ratio. 

3.  To  iOi'estigate  the  possibility  of  Improving  the  standard  AFWL  test 
procedure  for  the  skid  resistance  evaluation  of  wet  runways. 

In  these  analyses,  several  methods  to  compute  the  time  after  wetting  v;ere 
used.  Throughout  the  report  three  basic  time  designations  are  used.  When  tiie 
v/ater  was  applied  to  the  test  section  in  a single  pass,  the  zero  v/ater  time  was 
the  average  time  (clock  time)  that  the  v/ater  truck  v/as  applying  water  (‘‘ntrance 
to  exit  of  the  truck).  This  time  is  hereafter  designated  ti. 

For  those  test  sections  where  the  total  v/ater  volume  was  applied  in  two 
equal  applications,  the  zero  water  time  was  computed  as  follows: 

t>  = average  clock  time  of  the  second  v/ater  application  (entrance  to 
exit  times) 

t.  = average  clock  time  for  the  entire  wetting  operation  (entrance  of 
first  wetting  pass  to  exit  of  second  pass) 

The  time  after  v/etting  for  any  measurement  made  by  the  test  vehicles  is 
referred  to  as  t,,  't;  , or  -'t,.  The  designation  symbol  depends  upon  the 
method  used  to  compute  the  zero  water  time. 

1.  COEFFICIENT  OF  FRICTION  RECOVERY 

Although  the  general  trend  displayed  by  the  friction  recovery  curve  is  not 
Influenced  by  the  assumption  pertaining  to  zero  reference  time,  the  position  of 
the  recovery  curve  is  shifted  with  respect  to  the  time  axis  for  the  various 
methods  of  zero  reference  time  interpretation. 

The  recovery  of  the  coefficient  of  friction  versus  time  after  wetting 
interpreted  according  to  the  three  methods  described  above  (i.e.,  time  intervals 
At  , -t;>,  and  H’i)  for  both  single-  and  double-pass  applications  of  a 0. 05-inch 
water  depth  is  shown  in  figure  7;  similar  plots  for  0.10-,  0.20- , and  0.30-inch 
water  depths  applied  in  one  and  two  passes  are  given  in  figures  8,  9,  and  10, 
respectively. 
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Examination  of  figures  7 through  10  reveals  that  for  any  given  water  depth, 
the  single-pass  application  invariably  creates  the  worst  traction  characteristics 
early  after  wetting  (within  15  minutes).  However,  for  any  given  amount  of  applied 
water  the  double-pass  application  does  not  yield  radically  different  friction- 
recovery  characteristics  provided  that  the  elapsed  time  after  wetting  is  inter- 
preted according  to  time  interval  These  figures  clearly  indicate  that  for 

double-pass  application  of  any  given  water  depth,  interpretation  of  the  elapsed 
time  after  wetting  according  to  time  interval  causes  the  shifting  of  the 
friction-recovery  curve  too  far  to  the  left,  thus  yielding  high  coefficients  of 
friction  at  relatively  early  times.  At  late  times  (in  excess  of  15  minutes), 
all  three  methods  of  zero  reference  time  interpretation  yield  comparable  data 
ivhich  in  gener.3l  lie  within  the  domain  of  the  experimental  data  spread. 

The  reason  a ^iven  amount  of  water  was  applied  in  two  passes  was  as  follows. 
It  was  assumed  that  ;he  first  half  of  the  water  would  fill  the  pores  and  irregu- 
larities in  the  pavement  surface,  while  the  second  half  would  provide  as  much 
free-floating  water  as  possible  to  create  an  adverse  pavement  traction  condition. 
As  can  be  seen  in  figures  7 through  10,  the  time  interval  between  water  applica- 
tion and  the  initial  vehicular  measurement  is  a minimum  when  ..t-,  is  used  as  the 
elapsed  time.  However  fi guest  7 through  10  also  show  that  the  first  data  point 
for  a single  wetting  pass,  .itj,  or  for  double  application  using  t.  as  the  elapsed 
time  interval  is  at  least  7 minutes  after  v/etting.  While  it  is  not  the  intent  to 
arbitrarily  pick  a method  of  computing  a zero  water  reference  time  that  v/ill  allow 
a small  time  interval  after  wetting,  a method  is  necessary  that  does  not  require 
extrapolation  of  the  data  for  long  time  intervals;  therefore,  the  various  applica- 
tion rates  and  time  calculations  were  analyzed  to  see  if  a more  severe  wet  condi- 
tion could  be  obtained  for  use  in  the  standard  AFWL  test  procedure.  To  p tray 
the  influence  of  the  recovery  rate  of  the  coefficient  of  friction  as  a function  of 
applied  water  depth,  the  data  from  figures  7 through  10  v/ere  rearranged  for  one  a 
and  tv/o  pass  applications  in  figures  11  and  12  respectively. 

It  can  be  noted  on  figures  11  and  12  that  the  initial  coefficient  of 
friction  measured  by  the  Mu-Meter  is  essentially  the  same  regardless  of  wetting 
technique  or  method  of  calculating  the  zero  water  time.  The  data  confirm  the 
difference  in  recovery  rates  (improved  friction)  for  the  various  water  volumes 
applied.  The  more  water  applied  the  longer  the  drainage  period  for  a return  to 
a dry  condition.  However,  the  data  is  insufficient  to  conclude  that  if  0.30  inch 
of  water  is  applied  the  recovery  curve  can  be  extrapolated  back  to  the  3 minute 
point,  which  is  currently  the  first  data  point  in  the  standard  AFWL  skid  resist- 
ance test.  It  should  also  be  pointed  out  that  unless  two  water  trucks  are 
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igure  8.  Coefficient  of  Friction  versus  Time  After 
for  0.10-Inch  Water  Depth  (Entire  Test  Ari 


Average 
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Figure  9.  Coefficient  of  Friction  versus  Time  After  Wetting 
for  0.20-Inch  Water  Depth  (Entire  Test  Area) 
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Figure  11.  Coefficient  of  Friction  versus  Time  After  Wetting  for  Water 
Applied  in  One  Pass  {Entire  Test  Area) 


Figure  12.  Coefficient  of  Friction  versus  Time  After  Wetting  for  Water 
Applied  in  Two  Passes  (Entire  Test  Area) 


It  should  also  be  pointed  out  that  the  utilization  of  two  water  trucks  for 
pavement  v/etting  car  g»-eatly  reduce  the  tfsie  interval  of  the  initial  data  point 
on  the  friction  recovery  curves  (figures  7 through  10), 

Regarding  the  possibility  of  improving  the  standard  AFWL  test  procedure  by 
creating  a more  severe  wetting  condition,  table  IV  sumiiarizes  the  initial  Mu-Meter 
values  frotv  appendix  I,  using  :.t,  and  as  the  corresponding  time  intervals 
after  wetting. 


Table  IV 

INITIAL  MU-METER  VALUES 


Aoplied 
riater.  In 

A.  1 

M * 

Mu 

At2 

Min 

Mu 

0.05 

6.28 

o.-?s 

2.15 

0.56 

0.10 

2.78 

0.47 

3.61 

0.61 

0.20 

4.70 

0.52 

2.58 

0.58 

0.30 

8.96 

0.52 

5.47 

0.57 

The  limited  data  given  in  table  IV  v/oulii  suggest  that  a single  application  of 
water  may  provide  equal  or  even  a slightly  more  severe  wetting  condition  for  test- 
ing. However,  additional  research  should  be  conducted  to  establish  this  fact 
before  any  changes  are  made  to  the  standard  AFWL  test  procedure  now  in  use. 

2.  STOPPING  DISTANCE  RATIO 

The  relationship  between  SDR  and  time  after  wetting  for  a single  applica- 
tion of  any  given  water  depth,  At,,  is  shown  in  figure  13.  The  maximum  SDR 
measured  in  this  investigation  v/as  1.70.  An  SDR  of  1 indicates  a full  recov- 
ery to  the  dry  condition  after  wetting.  Examination  of  figure  13  reveals 
that  there  is  no  v/ell -defined  relationship  to  establish  the  influence  of  the 
time  after  wetting  on  the  measured  SDR.  Furthermore,  the  data  provide  no 


discernible  trend  in  regard  to  the  influence  of  the  initial  amount  of  water  on 
the  measured  SDR.  in  essence,  the  SDR  measured  by  the  DBV  is  not  as  sensitive 
a traction  parameter  to  wetting  conditions  throughout  the  test  area  as  the  coef- 
ficient of  friction  measured  by  the  Hu-Meter.  Tne  DBV  provides  an  assessment 
of  the  traction  characteristics  of  the  pavement  within  the  stoppi.ng  distance 
of  the  vehicle  only.  The  Mu-Meter  furnishes  a continuous  traction  record  as 
well  as  an  integrated  average  for  the  entire  test  area.  Figure  14  displays 
the  SDR  versus  time  after  wetting  relationship  for  water  applied  in  two  passes, 
It,.  Although  no  specific  trend  is  discernible  to  indicate  the  influence  of 
the  initial  amount  of  water  on  the  measured  SDR,  the  average  trend  for  a single 
application  is  very  close  to  that  for  a double  application.  However,  figures 
13  and  14  shov/  that  the  data  dispersion  at  late  ti.mes  (after  35  to  40  min)  is 
almost  as  persistent  as  that  at  early  times.  This  is  largely  attributed  to  the 
fact  that  35  to  40  min  after  wetting  is  not  sufficient  time  for  the  pavement  to 
revert  to  a dry  condition,  especially  for  the  large  initial  water  depths  (0.20 
and  0.30  in.). 


3,  STOPPING  DISTANCE  RATIO  VERSUS  COEFFICIENT  OF  FRICTION 

The  stopping  distances  measured  by  the  DBV  provide  an  opportunity  of  in- 
dependently computing  an  average  coefficient  of  friction  for  the  pavement  with- 
in the  DBV  test  strip.  This  can  be  accomplished  by  assuming  that  the  kinetic 
energy  of  the  DBV  is  totally  dissipated  in  producing  work  against  the  frictional 
resistance  of  the  pavement  during  the  skidding  process.  Since  only  two  of  the 
four  wheels  of  the  OBV  are  locked  during  the  skidding  process,  the  other  two 
diagonally  opposite  wheels  are  left  free  rolling.  The  following  expression  can 
be  written: 


W_ 

2g 


= f U SD 
2 c 


(1) 


where 

W = weight  of  DBV 
V = initial  velocity  of  DBV 
g = gravitational  constant 
u = calculated  coefficient  of  friction 

C 

50"  = stopping  distance 
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Equation  (1)  when  expressed  in  terms  of  the  coefficient  of  friction  and 
an  initial  constant  velocity  of  60  mph  yields: 


y =lL-=  240.5 


(2) 


Appendix  I provides  measured  raw  stopping  distances  (RSD)  which  corres- 
pond to  the  actual  initial  braking  velocities  and  corrected  stopping  distances 
(CSD)  which  were  obtained  by  multiplying  the  RSDs  by  the  ratio  of  the  veloc- 
ities squared  (i.e.,  60^/Vf^),  where  V is  the  actual  measured  v&iocit\r  at  the 
instant  the  wheels  lock.  Such  a correction  is  necessary  because  it  is  not  al- 
ways possible  to  brake  at  an  initial  velocity  of  60  mph. 

The  coefficients  of  friction,  calculated  from  eq.  (2)  using  the  cor- 
responding CSD  values  are  also  provided  in  appendix  I. 

Equation  (2)  when  expressed  in  terms  of  stopping  distance  yields: 


W = 


240.5 

u 

c 


(3) 


The  left-hand  side  of  eq.  (3)  was  normalized  by  dividing  both  sides  by  the 
stopping  distance  on  the  dry  pavement,  OSH,  which  was  336  ft  for  the  DBV 
portion  of  the  test  area.  Such  a normalization  yields: 


or 


SD  ^ 240.5 
OSD 


SDR  = 


0.716 


(4) 


Equation  (4)  represents  the  SDR  in  terms  of  a dry  stopping  distance  of 
336  ft  which  for  this  particular  test  area  furnishes  a theoretical  relationship 
between  SDR  and  the  coefficient  of  friction  for  the  pavement  surface.  The  solid 
lines  in  figures  15  and  16  are  graphical  displays  of  eq.  (4). 

To  assess  the  extent  to  which  the  coefficients  of  friction  measured  by  the 
Mu-Meter  fit  the  theoretical  relationship  of  eq.  (4),  the  data  in  appendix  I 
labelled  for  the  DBV  test  strip  were  superimposed  on  figures  15  and  16. 

Although  the  theoretical  relationship  presented  in  figures  15  and  16  is 
the  same,  figure  15  reflects  the  measured  coefficients  of  friction  for  a 
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Figure  15.  Stopping  Distance  Ratio  versus  Mu-Meter-Measured 
Coefficient  of  Friction  for  Water  Applied  in  One 
Pass  (DBV  Test  Strip) 


Stopping  Distance  Ratio 


Measured  Coefficient  of  Friction 


Figure  16.  Stopping  Distance  Ratio  versus  Mu-Meter-Measured 
Coefficient  of  Friction  for  Water  Applied  in  Two 
Passes  (DBV  Test  Strip) 
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single-pass  application  of  the  four  different  water  depths,  and  figure  16 
reflects  the  influence  on  the  measured  coefficients  of  friction  when  the  same 
four  water  depths  were  applied  in  two  passes. 

Figures  15  and  16  clearly  indicate  that  for  any  SDR,  the  coefficients  of 
friction  measured  by  the  Mu-Meter  were  substantially  larger  than  those  calcu- 
lated by  the  theoretical  relationship  of  eq.  (4).  ‘Superposition  of  figures  15 
and  16  also  clearly  reveals  that  the  scatter  in  the  measured  coefficients  of 
friction  was  approximately  of  the  same  order  regardless  of  the  method  of  water 
application  (one  or  two  passes). 

The  discrepancy  between  measured  and  calculated  coefficients  of  friction 
can  be  more  clearly  illustrated  by  plotting  the  coefficients  of  friction  meas- 
ured by  the  Mu-Meter  within  the  DBV  test  strip  (labelled  as  arithmetic  averages 
in  appendix  I)  against  the  coefficients  of  friction  calculated  from  the  DBV 
data.  (See  DBV  data  in  appendix  I.)  Such  a plot  is  shown  in  figure  17.  It 
shows  that  the  data  predominantly  lie  above  a 45°  line  and  clearly  illustrates 
the  fact  that  the  Mu-Heter-measurad  coefficients  of  friction  are  invariably 
larger  than  the  coefficients  of  friction  calculated  from  the  DBV  data.  The 
empirical  relationship,  v = 1.17u  > provides  a better  fit  between  measured 
and  calculated  coefficients  of  friction.  Such  an  empirical  correction  to  the 
theoretical  relationship  given  in  figures  15  and  16  (dashed  lines)  provides 
better  agreement  between  measured  and  calculated  coefficients  of  friction.  This 
empirical  adjustment  forces  the  theoretical  curves  in  figures  15  and  16,  for  an 
SDR  of  1 , to  pass  through  the  measured  dry  coefficient  of  friction  of  0.B3  which 
also  corresponds  to  the  field  measurement  obtained  on  a dry  pavement. 

4.  WATER  DEPTH  VERSUS  TIME  AFTER  WETTING 

Water  depth  is  the  most  important  parameter  affecting  the  traction  char- 
acteristics of  airfield  pavements.  Consequently,  it  should  be  the  most  sig- 
nificant parameter  against  which  either  coefficients  of  friction  or  SDRs  are 
correlated.  Since  water  on  the  pavement  surface  dissipates  with  time  after 
wetting,  the  existence  of  correlations  between  water  depth  and  the  coefficient 
of  friction  or  between  water  depth  and  SDR  strongly  depends  on  a well-defined 
relationship  of  measured  water  depth  as  a function  of  time  after  wetting.  Fig- 
ure 18  displays  water  depth  versus  time  after  wetting  for  various  amounts  of 
water  applied  in  one  and  two  passes  (data  extracted  from  appendix  II),  Since 
the  data  are  nut  arrayed  in  any  consistent  pattern,  a meaningful  interpretation 
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of  the  variables  affecting  the  measured  water  depth  cannot  be  made.  (The 
v/ater  depths  given  in  this  figure  represent  the  average  of  three  readings 
taken  along  station  1.)  Alt.hough  water-depth  measurements  are  very  important 
in  assessing  the  hydroplaning  and  traction  characteristics  of  airfield  pave- 
n’<ents,  the  method  used  to  measure  the  water  depth  is  not  precise  enough  to 
delineate  water  depths  with  the  necessary  accuracy  and  reliability.  The  fJASA 
water-film  depth  gage  used  in  this  investigation  is  a simple  device  the  read- 
ing of  which  requires  a visual  interpretation  of  the  amount  of  light  reflected 
through  the  plastic  rods  that  are  in  contact  with  the  water  surface.  These 
readings  are  g*eatly  influenced  by  the  positioning  of  the  gage  on  the  pavement 
surface  and  by  the  extent  to  which  the  instrument  can  be  identically  reposi- 
tioned for  subsequent  measurements.  The  readings  are  furthermore  affected  by 
human  error  and  the  positioning  of  the  three  supporting  prongs  with  respect 
to  irregularities  in  the  pavement  surface.  It  is,  therefore,  not  surprising 
that  the  data  presented  in  figure  18  display  no  specific  trends  to  provide  a 
relationship  between  v/ater  depth  and  time  after  wetting  for  the  various  water 
depths  and  methoos  of  application.  In  this  connection,  it  is  also  emphasized 
that  in  contrast  to  the  coefficients  of  friction  measured  by  the  Mu-Meter 
which  represent  average  values  for  the  entire  test  area,  the  water-depth 
measurements  represent  individual  values  at  specific  locations  and,  therefore, 
correlations  are  hard  to  establish  unless  the  measured  coefficients  of  fric- 
tion pertain  to  specific  locations  or  the  water-depth  measurements  reoresent 
an  integrated  average  over  the  entire  run  on  the  test  area. 

5.  MU-METER-HEASURED  AND  DBV-CALCULATED  COEFFICIENTS  OF  FRICTION 

VERSUS  TIME  AFTER  WETTING 

Figure  19  shows  both  the  coefficients  of  friction  measured  by  the  Mu-Meter 
and  those  calculated  from  the  OB/  data  as  a function  of  time  after  wetting  for 
the  DBV  test  strip.  This  comparison  pertains  to  the  0.05-in.  water  depth  ap- 
plied in  one  pass.  Although  arithmetic  averages  for  the  coefficients  of  fric- 
tion measured  by  the  Mu-Meter  within  the  DBV  test  strip  are  available  from 
blip  marks  on  the  Mu-Meter  tape,  the  corresponding  times  after  wetting  v/ere 
calculated  from  the  traversing  speed  of  the  Mu-Meter.  The  distance  from  the 
middle  of  the  entire  test  area  to  the  middle  of  the  DBV  test  strip  is  about 
500  ft  (fig.  1).  At  a speed  of  40  mph,  depending  on  the  direction  of  travel, 
the  Mu-Meter  crossed  the  midpoint  of  the  DBV  test  strip  at  Atj  ± 0.14  min. 
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Figure  19.  Comparison  of  Coefficients  of  Friction  Measured  by  Mu-Meter  and 
Calculated  from  DBV  Data  versus  Time  After  Wetting  for  0.05- 
Inch  Water  Depth  Applied  in  One  Pass  (DBV  Test  Strip) 


Frjdre  20  presents  the  data  for  the  0.20-incb  water  depth  applied  in  two  passes. 
The  corrected  time  after  v;etting  for  the  Ku-Heter  data  in  this  case  v/as  /-t-^  t 
0.14  minutes.  From  figures  19  and  20  it  is  evident  that  the  coefficients  of 
friction  measured  by  the  Hu-f!eter  were  not  seriously  influenced  by  directional 
effects.  Some  indications  of  directional  effects  may  be  shown  by  the  wider 
scatter  of  the  DBV  calculated  Ma-FSeter  values.  The  OBV  has  shewn  from  previous 
testing  to  have  a somewhat  wider  data  scatter  than  the  Ku-Meter,  and  this  fact 
may  also  have  an  influence  on  the  calculated  friction  valves. 

6.  REPEATABILITY  OF  TPJirTIOIJ  DATA 

The  traction  and  v/ater-depth  test  data  presented  in  appendix  I and  II, 
respectively,  v/ere  gathered  between  February  27  and  March  2,  1973.  Since 
repeatability  of  pavement  traction  data  ms  of  interest,  tests  involving  the 
0.20-inch  v/ater  depth  applied  in  one  and  tv/o  passes  v/ere  repeated  on  Septem- 
ber 27,  1973.  A DBV  v/as  not  available  at  this  time;  therefore,  the  data  v/ere 
limited  to  Mu-Meter  measurements  of  the  entire  test  area  (appendix  III)  and 
water-depth  measurements  at  station  1 (appendix  IV). 

Figure  21  shows  average  coefficients  of  friction  for  the  entire  test  area 
versus  time  after  wetting.  The  time  after  wetting  v/as  interpreted  as  Atj  for  a 
single  application  of  0.20  inch  of  v/ater,  and  both  as  ^.t;  and  i-t-.  v/hen  the  0.20 
inch  of  v/ater  v/as  applied  in  tv/o  passes. 

Comparison  of  figure  21  and  figure  9 r-eveals  that  in  general  the  data  in 
figure  21  exhibit  a slower  rate  of  friction  recovery.  The  variation  of  the  data 
is  less  prnounced  at  early  times  altar  v/etting  (0  to  15  minutes),  but  somewhat 
more  prnounced  beyond  15  minutes.  The  data  variation,  although  not  significant 
for  the  time  interval  after  15  minutes  may  be  attributed  to  the  different 
environmental  conditions  affecting  the  evaporation  and  drainage;  hov/ever,  the 
critical  time  period  for  pavement  traction  evaluation  is  3 to  15  minutes  after 
v/etting. 

cates  that  the  data  of  figure  21  fall  v/ithin  upper  and  lower  boundaries  of 
figures  11  and  12,  which  ascertains  the  fair  degree  of  repeatability  of  the 
test  data. 

Figure  22  shows  the  v/ater-depth  data  for  station  1 as  a function  of  time 
after  wetting,  interpreted  both  as  /.tj  and  These  data  show  a more  consist- 
ent trend  than  the  water-depth  data  in  figure  18.  In  view  of  the  inherent 
drawbacks  and  the  lack  of  sensitivity  of  the  water-film  depth  gage,  no  attempt 
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Figure  21.  Coefficient  of  Friction  versus  Time  After  Wetting  for  0.20-Inch 
Water  Depth  (Repeatability  Data  for  Entire  Test  Area) 


0.05 


(Repeatability  Data  for  Station  1) 


was  -sade  to  explain  the  improved  consistency  observed  in 
(Septe'-.ifaer  27,  1973). 


the  second  set  of  data 
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SECTION  VII 

CONCLUSIONS  AND  RECOWENDATIONS 


1 . CONCLUSIONS 

In  regard  to  Mu-Heter  measurements,  larger  amounts  of  water  create  more 
adverse  traction  conditions  on  the  pavensent  surface  (fig.  11).  Comparison  of 
figures  11  and  12  indicates  that  this  is  true  regardless  of  whether  the  given 
amount  of  water  is  applied  in  one  or  two  passes.  For  extreme  variations  of 
water  depth,  the  data  provide  a fairly  good  delineation  of  the  effect  of  water 
depth  on  the  recovery  of  the  coefficient  of  friction.  (Compare  0.05  and  0.30 
inch  of  water  in  both  figures  11  and  12.)  However,  for  the  intermediate  water 
depths  (i.e.,  0.10  and  0.20  inch)  the  trend  is  obscure.  The  physical  limitations 
of  placing  0.3  inch  of  water  on  the  test  section,  the  time  involved  in  such  an 
operation,  and  the  earliest  time  after  wetting  for  data  collection  do  not  warrant 
a change  in  the  standard  test  procedures  at  this  time.  However,  consideration  of 
discharging  0.2  inch  of  water  in  a single  pass  might  be  considered  in  future  test 
programs.  This  would  simplify  the  test  procedure  and  minimize  the  time  involved 
to  conduct  the  test.  As  noted  by  comparing  the  single  pass  0.2  inch  and  double 
pass  applications,  there  is  very  little  difference  in  time  after  wetting  for  the 
first  data  point.  Given  an  adequate  water  truck  capability  (high  discharge  rate), 
the  time  after  wetting  for  the  first  data  point  could  be  less  than  3 minutes. 

In  regard  to  DBV  measurements,  figures  13  and  14  indicate  that  only  a 
general  trend  betv/een  SDK  and  time  after  wetting  can  be  established.  The  data 
for  both  one-  and  tv/o-pass  applications  of  water  are  so  thoroughly  dispersed 
that  no  orderly  array  of  the  effect  of  water  depth  is  discernible.  This  simply 
reaffirms  the  fact  that  the  DBV  is  not  as  responsive  as  the  Mu-Meter  to  variations 
in  initial  water  depth  or  rapidly  changing  water  depths. 

The  coefficients  of  friction  measured  by  the  Mu-Meter  within  the  DBV  test 
strip  do  not  seem  to  substantiate  the  theoretical  relationship  between  SDR  and 
coefficients  of  friction  calculated  from  DBV  data  (figs.  15  and  16).  Invariably, 
for  a given  SDR,  the  coefficients  of  friction  measured  by  the  Mu-Meter  were 
larger  than  those  computed  from  DBV  data.  The  same  phenomenon  is  explicitly 
illustrated  by  the  data  in  figure  17  where  the  measured  coefficients  of  friction 
are  plotted  against  those  calculated  from  DBV  data.  These  data  consistently 
lie  above  a 45-degree  line;  whereby  the  empirical  relationship  = 1.17  provides 
a better  correspondence  to  the  experimental  data.  When  such  a correction  is 
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applied  to  the  theoretical  relationship  given  by  eq.  (4),  better  agreement  between 
Mu-Meter-measured  and  DBV-calculated  coefficients  of  friction  results  (figs.  15 
and  16).  Neither  the  influence  of  water  depth  nor  the  influence  of  the  number  of 
passes  is  discernible  from  the  experimental  data  given  in  figures  15  and  16. 

The  equipment  for  water-depth  measurements  is  not  sensitive  enough  to 
provide  an  accurate  delineation  of  the  influence  of  the  pavement  drainage 
characteristics  on  the  dissipation  of  v/ater  as  a function  of  time  after  wetting. 
Although  v;ater  depth  is  the  most  important  parameter  in  assessing  the  hydroplaning 
and  traction  characteristics  of  airfield  pavements,  the  data  in  figure  18  indicate 
no  evidence  of  any  specific  trends  with  respect  to  either  total  amount  of  applied 
water  or  the  method  of  application. 

A comparison  of  the  data  in  figure  9 (obtained  with  the  Mu-Meter  during  the 
test  period  of  February  27  to  March  2,  1973)  and  similar  data  (obtained  on 
September  27,  1973)  indicates  a fair  degree  of  reproducibility  in  the  rate  of 
recovery  of  the  coefficient  of  friction. 

2.  RECOMMENDATIONS 

V.'ater  depth  is  the  most  important  parameter  in  assessing  the  hydroplaning 
and  traction  characteristics  of  an  airfield  pavement.  However,  the  equipment 
used  for  v/ater-depth  measurements  is  neither  sensitive  nor  accurate  enough  to 
delineate  the  variations  in  v/ater  depth  as  a function  of  time  after  v/etting. 
Consequently,  future  research  should  be  aimed  toward  developing  a method  of 
rapidly  measuring  v/ater-depth  on  a runv/ay  surface.  Such  a system  could  be 
utilized  most  advantageously  to  continuously  monitor  the  water  present  on  the 
runway  surface  during  flight  operations.  A system  that  could  provide  an  inte- 
grated average  water  depth  between  any  two  points  on  the  pavement  surface  is 
highly  desirable.  Therefore,  the  possibility  of  utilizing  electrical  contact 
probes,  sonic  devices,  or  ultrasonic  techniques  should  be  thoroughly  investigated. 
Development  of  such  an  advanced  system  would  increase  the  possibility  of  direct 
correlation  of  water  depth  and  aircraft  landing  performance. 
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APPENDIX  I 


WET-RUH  TRACTION  DATA 
(February  27  through  March  2,  1973) 


r 


1 


1 


WET-RUN  TRAC r ION  DATA  FOR  0.10- INCH  WATER  DEPTH,  TWO  PASSES 

. 1st  Pass  Weather:  High  Winds 

Test  Area  Identification:  laxiway  2 Time  In:  09:40:05  Asphalt  Temperature:  54  to  64*’F 

Test  Section  Bearing:  08/26  Time  Out;  09:42:53  Average  Iry  Coefficient 

Wind  Direction:  30°  2nd  Pass  of  Friction 
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APPENDIX  II 

WATER-DEPTH  DATA  FOR  STATION  1 
(February  27  through  March  2,  1973) 
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Date:  2/28/73 

Zero  Reference  Time:  t.  = 09:06:18 

Clock  Time, 
hr:min:sec 

Elapsed  Time 
(Ati),  min 

Average  Water 
Depth,  in. 

09:07:40 

1.37 

0.04 

09:10:55 

4.62 

0.05 

09:12:30 

6.20 

0.04 

09:14:24 

8.10 

0.03 

09:15:20 

9.03 

0.03 

09:15:47 

9.48 

0.03 

09:16:10 

9.87 

0.02 

09:16:48 

10.50 

0.03 

09:17:27 

11.15 

0.03 

09:17:45 

11.45 

0.02 

09:18:15 

11.95 

0.01 

09:19:07 

12.82 

0.01 

09:19:50 

13.53 

0.02 

09:24:47 

18.48 

0.02 

09:25:24 

19.10 

0.01 

09:26:03 

19.75 

1 

0.01 

09:27:42 

21.40 

0.00 

WATER-DEPTH  DATA  FOR  0.20  INCH  OF  HATER 
APPLIED  IN  ONE  PASS 


WATER-DEPTH  DATA  FOR  0.30  INCH  OF  WATER 
APPLIED  IN  ONE  PASS 


Date:  3/2/73 
Zero  Reference  Time: 


= 13:16:35 


Clock  Time, 
hr:min:sec 

Elapsed  Time 
(Atj),  min 

Average  Water 
Depth,  in. 

13:17:31 

0.93 

0.04 

13:25:00 

8.42 

0.02 

13:28:05 

11.50 

0.03 

13:23:49 

12.23 

0.03 

13:29:40 

13.08 

0.02 

13:30:23 

13.80 

0.02 

13:31:13 

14.63 

0.01 

13:32:06 

15.52 

0.02 

13:32:47 

16.20 

0.01 

13:33:29 

16.90 

0.01 

13:34:42 

18.12 

0.01 

i 


WATER-DEPTH  DATA  FOR  0.05  INCH  OF  WATER 
APPLIED  IN  TWO  PASSES 


Date:  2/28/73 
Zero  Reference  Time: 


Clock  Time, 
hr:min:sec 


= 13:30:08 
= 13:27:07 


Elapsed  Time, 
min 

Average  Water 

Atj 

Atj 

Depth,  in. 

0.37 

3.38 

0.04 

2.00 

5.02 

0.04 

4.27 

7.28 

0.02 

5.32 

8.33 

0.02 

5.75 

8.77 

0.03 

6.45 

9.47 

0.02 

7.38 

10.40 

0.02 

8,18 

11.20 

0.03 

8.70 

11.72 

0.02 

9.37 

12.38 

0.02 

10.37 

13.38 

0.03 

11.12 

14.13 

0.01 

[ 


WATER-DEPTH  DATA  FOR  0.10  INCH  OF  WATER 
APPLIED  IN  TWO  PASSES 


Date:  3/1/73 
Zero  Reference  Time: 

= 09:47:54 

°2 

= 09:44:40 

Clock  Time, 

Elapsed  Time, 
min 

Average  Water 

hr:min:sec 

/itj 

Atj 

Depth,  in. 

09:54:10 

6.26 

9.49 

0.03 

09:55:10 

7.26 

10.49 

0.03 

09:53:16 

10.37 

13.60 

0.02 

09:59:14 

11.33 

14.56 

0.02 

10:00:40 

12.77 

16.00 

0.02 

10:01:30 

13.60 

16.83 

0.02 

10:02:04 

14.17 

17.40 

0.02 

10:03:37 

15.72 

18.95 

0.02 

10:04:12 

16.30 

19.53 

0.01 

10:04:50 

16.93 

20.16 

0.01 

10:05:52 

17.98 

21.21 

0.01 

10:06:44 

18.83 

22.06 

0.01 

10:12:05 

24.18 

27.41 

0.01 

10:13:40 

25.77 

29.00 

0.00 
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WATER-DEPTH  DATA  FOR  0.20  INCH  OF  WATER 
APPLIED  IN  TWO  PASSES 


Date:  3/2/73 

Zero  Reference  Time:  = 08:52:59 

= 08:49:17 

°3 


Clock  Time, 
hr:min:sec 

1 

Elapsed  Time, 
min 

Average  Water 
Depth,  in. 

1 

Atj 

08:55:19 

2.33 

6.03 

0.03 

08:57:43 

4.73 

8.43 

0.02 

08:58:45 

5.77 

9.47 

0.02 

08:59:19 

6.33 

10.03 

0.02 

09:00:08 

7.15 

10.85 

0.02 

09:01:00 

8.02 

11.72 

0.02 

09:01:57 

8.97 

12.67 

0.03 

09:02:33 

9,57 

13.27 

0.02 

09:03:19 

10.33 

14.03 

0.03 

09:04:12 

11.22 

14.92 

0.03 

09:05:04 

12.08 

15.78 

0.02 

09:13:02 

20.05 

23.75 

0.02 

09:13:46 

20.78 

24.48 

0.02 

09:14:39 

21.67 

25.37 

0.01 

09:15:30 

22.52 

! 

26,22 

1 

1 

0.00 

i 

WATER-DEPTH  DMA  FOR  0.30  INCH  OF  WATER 
APPLIED  IN  TWO  PASSES 


58 


APPENDIX  III 


REPEAT  WET-RUN  TRACTION  DATA 
(September  27,  1973) 
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REPEAT  WET-RUN  TRACTION  DATA  FOR  0.20-INCH  WATER  DEPTH,  TWO  PAS.SES 
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REPEAT  MATER-DEPTH  DATA  FOR  0.20  INCH  OF 
ViATER  APPLIED  IN  ONE  PASS 


Date:  9/27/73 
Zero  Reference  Time: 


% = 10:31:49 


REPEAT  WATER-DEPTH  DATA  FOR  0.20  INCH  OF 
WATER  APPLIED  IN  TWO  PASSES 


Date:  9/27/73 
Zero  Reference  Time: 


11:29:54 

11:31:47 

11:33:19 

11:35:17 

11:36:47 

11:38:37 


= 11:27:45 
= 11:23:43 


Clock  Time, 

Elapsed  Time, 
min 

Average  Water 

hr:min:sec 

Ata  1 

Depth,  in. 

2.15  6.18 

4.03  8.06 

5.57  9.60 

7.33  11.36 

9.03  13.06 
10.87  14.90 
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5.  HATER-FILM  DEPTH  GAGE 

The  water^film  depth  gage  used  in  this  study  (fig.  6)  was  developed  by 
flASA  to  rapidly  measure  water-film  depth  on  highway  and  airfield  pavement  sur- 
faces. This  water-film  depth  gage  consists  of  a plastic  disc  5 in.  in  diam- 
eter supported  by  three  metal  prongs  15/16  in.  long.  Plexiglas  rods  of  dif- 
ferent lengths  are  attached  to  the  bottom  side  of  the  circular  plastic  disc. 
These  rods  are. adjusted  so  tnat  their  tips  are  located  between  0.01  and  0.10 
in.  above  the  plane  defined  by  the  tips  of  the  metal  prongs.  The  upper  tips 
of  the  Plexiglas  rods  ar*e  marked  to  Indicate  the  actual  gap  between  the  plane 
passing  thcough  the  tips  of  the  prongs  and  the  bottom  of  each  individual  rod. 
Since  water  is  a light-reflecting  substance » it  reflects  more  light  than  the 
runway  surface  and,  consequently,  the  tips  of  the  rods  that  are  not  in  contact 
with  the  water  appear  lighter  than  those  that  are  touching  or  submerged  in  the 
water.  From  the  rods  that  appear  dark,  the  one  that  has  the  highest  reading 
on  the  scale  determines  the  water-film  depth  at  that  particular  location.  For 
instance,  in  figure  6 the  water  depth  is  approximately  0.06  in. 


i' 
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Figure  6.  NASA  Water-Film  Depth  Gage 
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Examination  of  figures  7 through  10  reveals  that  for  any  given  water  depth, 
the  si  igle-pass  application  invariably  creates  the  worst  traction  characteristics 
eany  ^fter  wetting  (within  15  minutes).  However,  for  any  given  amount  of  applied 
water  the  double-pass  application  dees  not  yield  radically  different  friction- 
recovery  characteristics  provided  that  the  elapsed  time  after  wetting  is  inter- 
preted according  to  time  interval  Lt-^.  These  figures  clearly  indicate  that  for 
double-pass  application  of  any  given  water  depth,  interpretation  of  the  elapsed 
time  after  wetting  according  to  time  interval  Lt2  causes  the  shifting  of  the 
friction-recovery  curve  too  far  to  the  left,  thus  yielding  high  coefficients  of 
friction  at  relatively  early  times.  At  late  times  (in  excess  of  15  mirjtes), 
all  three  methods  of  zero  reference  time  interpretation  yield  comparable  data 
which  in  general  lie  within  the  domain  of  the  experimental  data  spread. 

The  reason  a given  amount  of  water  was  applied  in  two  passes  was  as  follows. 
It  was  assumed  that  the  first  half  of  the  water  would  fill  the  pores  and  irregu- 
larities in  the  pavement  surface,  while  the  second  half  would  provide  as  much 
free-floating  water  as  possible  to  create  an  adverse  pavement  traction  condition. 
As  can  be  seen  in  figures  7 through  10,  the  time  interval  between  water  applica- 
tion and  the  initial  vehicular  measurement  is  a minimum  when  At2  is  used  as  the 
elapsed  time.  However  figures  7 through  10  also  show  that  the  first  data  point 
for  a single  wetting  pass,  utj,  or  for  double  application  using  Lti  as  the  elapsed 
time  interval  is  at  least  7 minutes  after  wetting.  While  it  is  not  the  intent  to 
arbitrarily  pick  a method  of  computing  a zero  water  reference  time  that  will  allow 
a small  time  interval  after  wetting,  a method  is  necessary  that  does  not  require 
extrapolation  of  the  data  for  long  time  intervals;  therefore,  the  various  applica- 
tion rates  and  time  calculations  v/ere  analyzed  to  see  if  a more  severe  wet  condi- 
tion could  be  obtained  for  use  in  the  standard  AFWL  test  procedure.  To  portray 
the  influence  of  the  recovery  rate  of  the  coefficient  of  friction  as  a function  of 
applied  v/ater  depth,  the  data  from  figures  7 through  10  were  rearranged  for  one 
and  two  pass  applications  in  figures  11  and  12  respectively. 

It  can  be  noted  on  figures  11  and  12  that  the  initial  coefficient  of 
friction  measu>"ed  by  the  Mu-Meter  is  essentially  the  same  regardless  of  v/etting 
technique  or  method  of  calculating  the  zero  water  time.  The  data  confirm  the 
difference  in  recovery  rates  (improved  friction)  for  the  various  water  volumes 
applied.  The  more  water  applied  the  longer  the  drainage  period  for  a return  to 
a dry  condition.  However,  the  data  is  insufficient  to  conclude  that  if  0.30  inch 
of  water  is  applived  the  recovery  curve  can  be  extrapolated  back  to  the  3 minute 
point,  which  is  currently  the  first  data  point  in  the  standard  AFWL  skid  resist- 
ance test. 


15 


Figure  20  presents  the  data  for  the  0.20-inch  water  depth  applied  in  two  passes. 
The  corrected  time  after  watting  for  the  Mu-Meter  data  in  this  case  was  At.  < 
0.14  minutes.  From  figures  19  and  20  it  is  evident  that  the  coefficients  of 
friction  measured  by  the  Mu-Meter  were  not  seriously  influenced  by  directional 
effects.  Some  indications  of  directional  effects  may  be  shown  by  the  wider 
scatter  of  the  DBV  calculated  Mu-Meter  values.  The  DBV  has  shown  from  previous 
testing  to  have  a somewhat  wider  data  scatter  than  the  Mu-Meter,  and  this  fact 
may  also  have  an  influence  on  the  calculated  friction  valves. 

6.  REPEATABILITY  OF  TRACTION  DATA 

The  traction  and  water-depth  test  data  presented  in  appendix  I and  II, 
respectively,  were  gathered  between  February  27  and  March  2,  1973.  Since 
repeatability  of  pavement  traction  data  v/as  of  interest,  tests  involving  the 
0.20- inch  water  depth  applied  in  one  and  two  passes  were  repeated  on  Septem- 
ber 27,  1973.  A DBV  was  not  available  at  this  time;  therefore,  the  data  were 
limited  to  Mu-Meter  measurements  of  the  entire  test  area  (appendix  III)  and 
water-depth  measurements  at  station  1 (appendix  IV). 

Figure  21  shows  average  coefficients  of  friction  for  the  entire  test  area 
versus  time  after  wetting.  The  time  after  wetting  was  interpreted  as  Atj  for  a 
single  application  of  0.20  inch  of  water,  and  both  as  At2  and  Lt-^  when  the  0.20 
inch  of  water  v/as  applied  in  two  passes. 

Comparison  of  figure  21  and  figure  9 reveals  that  in  general  the  data  in 
figure  21  exhibit  a slower  rate  of  friction  recovery.  The  variation  of  the  da\:a 
is  less  pronounced  at  early  times  after  wetting  (0  to  15  minutes),  but  somewhat 
more  pronounced  beyond  15  minutes.  The  data  variation,  although  not  significant 
for  the  time  interval  after  15  minutes  may  be  attributed  to  the  different 
environmental  conditions  affecting  the  evaporation  and  drainage;  however,  the 
critical  time  period  for  pavement  traction  evaluation  is  3 to  15  minutes  after 
wetting.  Comparison  of  figure  21  with  either  or  both  figures  11  and  12  indi- 
cates that  the  data  of  figure  21  fall  within  upper  and  lower  boundaries  of 
figures  11  and  12,  which  ascertains  the  fair  degree  of  repeatability  of  the 
test  data. 

Figure  22  shows  the  water-depth  data  for  station  1 as  a function  of  time 
after  wetting,  interpreted  both  as  Atj  and  At 3.  These  data  show  a more  consist- 
ent trend  than  the  water-depth  data  in  figure  18.  In  view  of  the  inherent 
drawbacks  and  the  lack  of  sensitivity  of  the  water-film  depth  gage,  no  attempt 
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